Biochemical differentiation of the Enterobacteriaceae with the aid of lysine-iron-agar. 1966.-A procedure is described for identifying members of the family Enterobacteriaceae isolated from clinical specimens. The methods are based on primary differentiation of the various groups of bacteria by the use of Kligler Iron Agar and lysine-iron-agar. For identification of Salmonella, Shigella, and Arizona group organisms from stools, Triple Sugar Iron Agar and lysine-iron-agar are employed. The usefulness of this schema for diagnostic bacteriology laboratories is discussed. It is not intended to replace methods used in reference or research laboratories.
A taxonomic system for the Enterobacteriaceae was described by Ewing and Edwards in 1960 (3) . This schema seems to clarify the positions of various members in the family and, by resolving the so-called paracolons into discrete taxonomic groups, removes much of the confusion regarding family relationships.
Because of increasing interest in infections associated with gram-negative enteric bacteria, it seemed particularly desirable to adapt this system to the exigencies of routine diagnostic bacteriological practice. The use of lysine-iron-agar (2) facilitated the development of the methodology described in this report.
MATERIALS AND METHODS
Media. All of the media for isolation and preliminary differentiation of bacteria were prepared from commercially available dehydrated stocks. Other differential media were prepared and tests were performed according to methods described by Edwards and Ewing (1) , with the following exceptions. (6) .
Indole tests. In addition to Kovacs' test for indole, a screening test was used in which a paper strip impregnated with reagent (7) was suspended from the cotton plug inside the tube of lysine-iron-agar. Because occasional paper strips gave false negative reactions, Kovacs' method was also used whenever a test for indole was pertinent to the identification of cultures which were negative by the paper strip method.
Bacteria. Known cultures, used for testing media and reagents, were from the collection of the Enteric Bacteriology Unit, Communicable Disease Center. Unknown cultures to which identification procedures were applied were isolated in the hospital's diagnostic bacteriology laboratory from all types of clinical specimens.
Taxonomy, nomenclature, and criteria for identification. The taxonomic system of Ewing and Edwards (3) was employed, and the nomenclature used by them was followed for the most part. Criteria for identification of cultures were taken from the various publications of Ewing and co-workers. These were summarized by Edwards and Ewing (1) . Reactions on LIA. The reactions produced on LIA by the growth of various members of the Enterobacteriaceae were described by Edwards and Fife (2) . Although the medium was designed to detect Arizona group bacteria, its usefulness is much broader, and it is frequently of value in the recognition of other members of the family. This is especially true when it is employed in conjunction with KIA, as will be shown presently.
Of particular usefulness is the distinctive color reaction ( Cultures which decarboxylate lysine produce an alkaline (purple) reaction throughout the medium; lack of decarboxylase activity results in an alkaline (purple) slant and acid (yellow) butt. Intragroup differentiation, based on decarboxylation of lysine, is of practical importance in distinguishing between Shigella (negative) and Escherichia coli (usually positive); Salmonella, Arizona group (both positive), and Citrobacter (negative); and Klebsiella (positive) and Aerobacter cloacae (negative).
Identification procedures. Presumptive identification of certain members of the family can be made directly from the reactions observed on the primary differential media (KIA, LIA, and indole), sometimes with the additional aid of tests for urease activity.
For the identification of those cultures remaining unidentified by these reactions, several secondary series of differential tests were designed. The selection of the components of these secondary series was based on: (i) knowledge of the identities of the organ- Fig. 1 . Figure 2 delineates the schema used for the recognition and identification of the Arizona group, Salmonella, and Shigella from feces. Instead of KIA, TSIA is used because of the additional screening value of the third sugar, sucrose, not present in KIA. For better understanding of the flow chart, the probable identities of the organisms to be discarded as "nonpathogens" are listed in Fig. 2 .
When there is high probability that a selected organism is a Salmonella or Shigella, agglutination tests and a confirmatory series of biochemical tests (series 5) are performed. In other instances, when the probability is low that a suspicious organism is an enteric pathogen, additional screening tests are used, such as indole and VogesProskauer tests or biochemical series 3. While this procedure occasionally delays the recognition of a rarely occurring pathogenic biotype, it eliminates extensive use of biochemical tests and antisera which would be needlessly consumed in the majority of cases.
The data in Table 6 provide a basis for estimating the relative frequencies of isolation of various members of the Enterobacteriaceae in a hospital laboratory. These data are comparable to other tabulations made at intervals over a 2-year period, and reflect the incidence in this hospital of the respective organisms in various types of clinical specimens other than stools. No Arizona group bacteria have been isolated from any specimens during this period. Only 1 strain of Edwardsiella (4) and 10 to 15 strains of Hafnia were recognized during the same period.
Although members of the Aerobacter group are not differentiated from each other routinely in this hospital, the majority of isolates of Aerobacter, when identified, conformed to the Aerobacter A subgroup (A. cloacae). It is noteworthy that P. vulgaris and P. morganii, said to be the most common pathogenic Proteus species (5), were much less frequently encountered in our clinical material than were the other two members of this group.
DIscussIoN
The taxonomic system proposed by Ewing and Edwards (3) 
DIFFERENTIATION OF ENTEROBACTERIACEAE
This system has been adopted with some modifications by other laboratories with apparent ease and success. From a consideration of the flow sheets and tables, the methodology may be adapted to a level of complexity consistent with the resources of individual laboratories. Consideration of the relative frequency of occurrence of the various groups and species in our experience may be helpful in influencing decisions to omit or include certain differential steps.
The degree of possible error involved at any level of modification may be determined to some extent from the tables of reactions of large numbers of the various groups and species which have been compiled and tabulated by Edwards and Ewing (1) . For example, they show that 3% of Providence cultures may not be immediately identified because they do not deaminate phenylalanine (and presumably, therefore, lysine).
Similarly, atypical strains in other groups may not be readily recognized or may be incorrectly identified. Such errors of identification may be excluded by the application of more rigid criteria which are, however, impractical for most clinical bacteriological laboratories. While the methodology described here sacrifices a small degree of accuracy for savings in time and laboratory resources, it seems to provide a realistic approach to the handling of Enterobacteriaceae cultures in the clinical laboratory. It must be emphasized that the procedures described are intended for use in clinical or hospital laboratories only.
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